Abstract -Electronic tags have become a common tool in fish research, enhancing our understanding of how fish interact with their environment and move among different habitats, for estimating mortality and recording internal physiological states. An often-untested assumption of electronic tagging studies is that tagged fish are representative of untagged conspecifics and thus show 'normal' behaviour (e.g. movement rates, swimming activity, feeding).
Introduction
Over the past several decades, electronic tags (both those that transmit -biotelemetry -and those that log data -biologgers) have become common tools in fish research (Lucas & Baras 2000; Cooke et al. 2013) . Electronic tagging studies have greatly enhanced our understanding of how fish interact with their environment (i.e. habitat use and preference, environmental relations), and the extent and timing of movement among different habitat units (reviewed in Lucas & Baras 2000) . Electronic tags also provide opportunities to quantify fish mortality (both natural and fishery related; Hightower et al. 2001 ) and if equipped with sensors, to characterise the internal or external environment of tagged individuals (e.g. depth, temperature, heart rate, activity levels; Cooke et al. 2004 ). The range of fish species studied using electronic tags, and the locales of such studies, has expanded greatly beyond early work on sport fish in North America and Europe. Example studies include resident fish in small Arctic lakes (Dick et al. 2009 ), riverine fish in South America (Hahn et al. 2011) and Africa (Thorstad et al. 2001) , reservoir fish in Thailand (Mitamura et al. 2008) , as well as stream fish in Australia (Khan et al. 2004) . Collectively, data emanating from electronic tagging studies have revolutionised our understanding of the ecology and natural history of fish while also yielding critical information to conserve and manage fish populations and their habitats (Cooke et al. 2013) .
As with all techniques that involve marking or tagging fish, the use of electronic tags presents a number of potential biases or issues that must be considered (Nielsen 1992; McKenzie et al. 2012) . For electronic tags, perhaps one of the most pervasive issues relates to the effects of the tagging procedure and the presence of the tag on or in the fish (Bridger & Booth 2003) . Although a wide range of potential electronic tag types and sizes can be applied to freshwater fish (reviewed in Cooke et al. 2012) , a common feature is the need to capture the animal, restrain it for tagging (which may involve anaesthesia), tag the fish (which can be done externally, gastrically or via intracoelomic implantation) and then to release the fish. An often-untested assumption of electronic tagging studies is that tagged fish are representative of untagged conspecifics and thus show 'normal' behaviour (Olney et al. 2006; Brown et al. 2011; Liedtke & Rub 2012) . Given that data on fish behaviour and spatial ecology are of critical importance for defining ecological relationships and informing conservation and management, ill-informed management decisions may result if tags or tagging procedures alter the behaviour of tagged individuals .
The most common approach for tagging freshwater fish with electronic tags is intracoelomic implantation as this method corresponds to an increased probability of tags being retained throughout an animal's life (Jepsen et al. 2002) . Although considered more invasive than some other methods (e.g. external tagging) due to the need for laparotomy and sedation (Jepsen et al. 2002; Cooke et al. 2012; Thorstad et al. 2013 ), a growing body of research has helped refine tagging practices to maximise postsurgery survival and minimise behavioural effects. A review of telemetry studies that have explicitly examined the effects of intracoelomic implantation on fish revealed that the typical project design involved comparing control fish (untagged), sham controls (anaesthetised but not tagged or anaesthetised and laparotomy performed but not tagged) and various tag treatments (e.g. different sizes or tags) with respect to some endpoint. Cooke et al. (2011) noted that most tagging effects studies occurred in laboratory environments using variables such as growth, survival, wound healing and swimming performance (in a swim tunnel) as indicators of effects. In contrast, behaviour of wild fish postrelease was rarely used (e.g. Hondorp et al. 2015) . This is extraordinary considering the critical importance of the assumption that tagged fish and untagged conspecifics exhibit similar behavioural attributes. This discrepancy is attributable to the difficulty in characterising 'normal' behaviour of control fish without the application of an electronic tag, especially those that undertake large-scale movements and migrations. Pure control groups for comparison are not logistically feasible. To address this difficulty, several studies (Hockersmith et al. 2003; Matter & Sandford 2003) have compared different tag types (e.g. PIT vs. radio), tag sizes or tagging methods (e.g. external vs. gastric vs. intracoelomic) in the field using sensory tags but they all suffer from the same lack of true controls (but see Jepsen & Aarestrup 1999) . Of particular concern are the short-term (i.e. days, weeks, months) behavioural consequences of tagging and evaluating whether some data should be disregarded (i.e. censored) until fish have resumed 'normal' behaviour. Indeed, many studies dismiss data from the first day or week post-tagging assuming that behaviour was altered although being unable to test for this effect.
Here, we take advantage of a unique data set to address the deficiency of appropriate controls in electronic tagging behavioural assessments. Our objective was to determine whether intracoelomic acoustic tag implantation caused short-term (<1 year) effects on downstream movement of postspawning walleye in Lakes Huron and Erie. Walleye are iteroparous and undertake annual spawning migrations from the Great Lakes to tributary habitats for spawning and then return to the lakes after spawning. Although the degree of spawning site fidelity of populations in the Great Lakes is not well understood, some walleye populations are known to return to the same spawning site over multiple years (Crowe 1962) . We addressed our objective by comparing the elapsed time of downstream movement of postspawning walleye to those tagged the previous year at the same locale. Similarly, long-term effects were assessed by comparing the duration of downstream movements of walleye tagged 2 years earlier to those tagged 3 years earlier at the same location. Downstream travel time was quantified by calculating the difference between time of detection for each tagged walleye on acoustic telemetry receiver lines located near known walleye spawning regions and those at the river mouths of the Tittabawassee (Lake Huron) and Maumee (Lake Erie) rivers. Although admittedly an imperfect control, we assume that short-term behavioural effects of tagging have been ameliorated in fish tagged 10+ months earlier. This study represents one of the few behavioural assessments of wild fish in this context (but see Peat et al. 2015) and explores the short-term consequences of electronic tag implantation. Such information is essential for evaluating whether data require censoring after release to ensure that inferences regarding behaviour of individual fish are representative of untagged conspecifics.
Methods
The Tittabawassee River watershed drains approximately 6400 km 2 of agricultural land in the central portion of Michigan's Lower Peninsula and contains important walleye spawning habitat. The Tittabawassee River is a tributary to the Saginaw River and enters the river approximately 35 km upstream from Saginaw Bay, Lake Huron. Multiple man-made dams restrict upstream movement of walleye throughout the Tittabawassee River watershed and limit spawning to a 35 km reach from Dow Dam in Midland, MI, downstream to the confluence of the Saginaw and Tittabawassee rivers.
The Maumee River watershed is the largest drainage in the Great Lakes and encompasses more than 21,000 km 2 of mostly agricultural land in north-western Ohio and south-eastern Michigan. The lower 25 km of river is strongly influenced by Lake Erie and is considered a freshwater estuary. Primary spawning ground for walleye in the Maumee River starts approximately 25 km upstream from Lake Erie and extends upstream to the first dam located approximately 50 km from the river mouth.
Adult walleye in spawning condition were collected from the Tittabawassee and Maumee rivers in 2011 and 2012 (Tables 1 and 2 Orleans Park (Perrysburg, OH) using boat-mounted electroshocking equipment operated by the Ohio Department of Natural Resources. Orleans Park is approximately 25 km upstream of Lake Erie. After capture, fish selected for tagging were transported to streamside tanks located near their capture location for processing (total holding time prior to tagging 1 h). Biological characteristics (total length, sex) and dorsal fin clips were collected and paired anchor tags (Floy Tag Inc, Seattle, WA, USA) were inserted between the pterygiophores below the base of the second dorsal fin to allow individuals to be identified during later implantation of acoustic tags.
Walleye were anaesthetised using a portable electroanaesthesia unit (Smith-Root, pulsed DC, 35 V, 3 s treatment period) (Vandergoot et al. 2011) . Anaesthetised fish were placed in a cushioned foam cradle and river water with a pump continuously irrigated the gills during surgery. All surgical tools and acoustic tags were sterilised prior to surgery, and the tag was inserted into the coelomic cavity through a small incision located on the centreline of the ventral surface of the fish. After the tag was inserted, incisions were closed using 2-3 interrupted sutures (Ethicon PDS-II size 2-0, monofilament). After surgery, walleye were transferred to stream-side recovery tanks containing fresh circulating river water. Once individual fish regained equilibrium, they were released into the river near the capture location. On average, each surgery took 2.5 min and fish were released 30 min after the procedure. I-Button temperature loggers (model DS1921Z, 6 mm 9 16 mm; Maxim Integrated Products, San Jose, CA, USA) were attached to acoustic tags (Vemco V16-4H tags, estimated life 1338 days, average nominal delay 90 s, 152 dB output, 24 g in air, 68 mm 9 16 mm dia) with hot glue and waterproofed using Plasti Dip (Performix Brand, Blaine, MN, USA) multipurpose rubber coating prior to implantation (mass~29 g). Omnidirectional acoustic receivers (VR2W, 69 kHz, Vemco Ltd, Halifax, NS, Canada), deployed as part of the Great Lakes Acoustic Telemetry Observing System Network (http://data.glos.us/glatos), were used to detect walleye movements to and from spawning habitat in both lakes. In Lake Huron, two acoustic receiver lines were positioned near the mouths of the Saginaw and Tittabawassee rivers (Fig. 1) . Receiver lines in the Tittabawassee River were first deployed in spring 2011 and removed in autumn 2011 to prevent the loss or damage of equipment from ice scour during winter. Beginning in spring 2012, the Tittabawassee River receiver line was maintained continuously through autumn 2013 (Fig. 1) . Initial deployment of the Saginaw River receiver line occurred in spring 2011 and was continuously maintained through autumn 2013. The upstream acoustic receiver line in the Maumee River (Fig. 1 , MAU-1) was located approximately 2.5 km downstream of the release location and consisted of two seasonal receivers (retrieved in autumn and deployed in spring) and one receiver deployed continuously from spring 2011 through summer 2012. In 2013, receivers were deployed seasonally at the same locations as previous years. An additional receiver line located approximately 12 km downstream of the release location was deployed seasonally in 2012 and 2013 (Fig. 1, MAU-2) . Spring receiver deployments occurred prior to walleye spawning, and retrieval of receivers in autumn occurred several months after the spring spawning season.
In the Maumee River, receivers were located, downstream of known spawning grounds, at a single location in 2011 and two locations in 2012 and 2013 (Fig. 1) . Each receiver line consisted of at least two acoustic receivers. All receiver lines were initially deployed in March 2011 and retrieved, downloaded and redeployed in summer 2012 and 2013.
Detections on the Tittabawassee, Maumee and Saginaw rivers receiver lines represent either upstream or downstream movements. Direction and duration of walleye movements were determined by the order in which walleye were detected on receiver lines. Downstream travel (egress) time of walleye tagged in the Tittabawassee River was calculated as the difference (in hours) between the last detection on the Tittabawassee River receiver line and the first detection event at the Saginaw River receiver line. Duration of egress in the Maumee River was defined as the time difference between the last detection on the upstream receiver line (Fig. 1, MAU-1 ) and the first detection on the downstream receiver line (Fig. 1, MAU-2 movement for each walleye was included in all analyses (Table 3) . General linear models were used to explore the relationship between tagging effects, biological characteristics and rate of postspawn egress of walleye tagged in the Tittabawassee and Maumee rivers. The 2012 and 2013 Tittabawassee River spawning seasons were analysed using separate linear models that included egress as the response variable, sex and tag cohort (2011 or 2012) as categorical predictor variables and fish length at tagging as a continuous predictor variable. Egress of walleye tagged in the Maumee River during the 2012 spawning season was analysed as a function of tag cohort (2011 or 2012) and fish length at tagging. Analysis of egress in the Maumee River was limited to female walleye during the 2012 spawning season as only one male walleye was tagged in the Maumee River in 2012. Only six walleye tagged in 2012 were detected in the Maumee River in 2013 (Table 2) . Backwards model selection from a full model containing all variables of interest was used to identify the set of best explanatory variables for each linear model (Data S1). The explanatory power of each predictor variable was assessed by sequentially removing each variable and calculating AIC (Akaike Information Criteria) values (Zuur et al. 2007) . If the removal of a predictor variable from the model resulted in decreased AIC values, the predictor variable was not included in the final model. Residual plots were used to validate model fit and assumptions. Length of walleye was centred and duration of egress was log-transformed for analysis. All linear models were fit using the 'lm' function in R software (version 3.1.3).
Results
A total of 492 walleye were tagged with acoustic transmitters in the Tittabawassee and Maumee rivers in 2011 and 2012 (Tables 1 and 2 ). Of the total fish tagged, 80% of the fish were tagged in 2011, with nearly equal numbers of male (N = 100) and female (N = 100) walleye in both rivers (Tables 1 and 2 ). In 2012, nearly equal number of males (N = 29) and females (N = 30) were tagged from the Tittabawassee River, but of the 33 fish tagged in the Maumee River, only one individual was male (Tables 1 and 2) .
During the 2011 spawning season, 95% of walleye tagged in the Tittabawassee River moved downstream and were detected at the mouth of the Saginaw River (Table 1 ). In total, 53% of walleye tagged in 2011 returned to the Tittabawassee River during the 2012 spawning season and were detected later moving downstream in 2012. A total of 64 walleye (34%) originally tagged in 2011 were detected moving downstream in 2013. Similarly, 96% of walleye tagged in 2012 were detected moving downstream during the 2012 spawning season and a further 61% were detected in the 2013 spawning season. Mean length of walleye detected moving downstream in the Tittabawassee River was 576 mm (SE = 5.5 mm) for female walleye and 512 mm (SE = 3.8 mm) for male walleye. Walleye tagged in the Tittabawassee River did not return upstream to the Tittabawassee River after they were detected downstream on the Saginaw River receiver line within a spawning season. The optimal general linear model for walleye egress in the Tittabawassee River for the 2012 spawning event only included a predictor variable for release cohort (2012 or 2013) year. All other predictor variables (fish length, sex) did not increase explanatory power of the model and were not retained in the optimal model. For the 2013 walleye spawning event in the Tittabawassee, only sex as a variable improved the explanatory power of the model and subsequently was retained in the optimal model. In addition to sex, release cohort was included in optimal model for the 2013 spawning event to address the objective of this study.
On average, downstream movement (egress) time in the Tittabawassee River calculated from backtransformed linear model estimates was 11 h greater during the 2012 spawning season for individuals tagged in 2012 compared to individuals tagged in 2011. Back-transformed 95% confidence intervals for time of mean egress estimated from the linear model ranged from 26.0 to 31.9 h for walleye released in 2011 and 33.4 to 43.5 h for walleye released in 2012 (Fig. 2) . We did not detect a response on egress time for any other predictor variables included in model selection (i.e. release cohort, fish length, sex). The difference between mean egress time (i.e. effect size) estimated from linear model for fish tagged and released in 2011 and 2012 during the 2012 spawning event was approximately 1.3 h (back-transformed 95% CI: 1.1-1.6 h). No differences in mean egress time were detected for walleye tagged in 2011 and 2012 that returned to the Tittabawassee River during the 2013 spawning event (Fig. 2) . The optimal model identified by model selection included fish sex (Fig. 2) , suggesting that mean egress of male walleye was different than observed for female walleye in 2013 (Fig. 2) . Male walleye tagged in 2011 or 2012 had shorter egress times compared to female walleye tagged in the same years during the 2013 spawning event. Linear model predicted that effect size (i.e. difference between mean egress time) for tag cohort (2011 and 2012) in the Tittabawassee River during the 2013 spawning event was approximately 1.1 h (back-transformed 95% CI: 0.7-1.6 h). Analysis of model residuals identified two statistical outliers in walleye egress time during spring 2012 in the Tittabawassee River. Egress time for those individuals was approximately 3 and 11 times greater than travel time of the next largest individual and approximately 9 and 33 times greater than the mean egress time estimated for walleye movements between the Tittabawassee and Saginaw river mouths. Further inspection of the detection histories (>1000 detections for each fish) of these two walleye revealed that these individuals resided within detection range (~1 km) of Saginaw and Tittabawassee receiver lines for extended periods of time during the spring and summer of 2012, apparently having taken up river residence and not moving out into Saginaw Bay. Due to extended river residence, those two individuals were excluded from the analysis. Walleye tagged in the Maumee River moved downstream and were detected on two receiver lines in 2012 and 2013 (Tables 1 and 2 ). The number of walleye tagged in 2011 that were observed moving downstream in the Maumee River was relatively similar during the 2012 and 2013 spawning seasons (Table 2) . Mean length of male walleye detected in the Maumee River was 545 mm (SE = 16.2) and 627 mm (SE = 6.5) for female walleye.
The optimal model to explore egress of walleye in the Maumee River during the 2012 spawning event included only the release cohort. Insufficient evidence was available to conclude that egress time was influenced by fish length in the linear model of postspawning Maumee River egress during the 2012 spawning event.
In the Maumee River during the 2012 spawning season, mean egress time of female walleye tagged in 2012 was longer than individuals previously tagged in 2011. Fish length did not influence downstream movement rates in the Maumee River. Estimates of egress time from linear model suggested that walleye tagged and released in 2012 took 10 hours longer to egress between receiver lines than walleye tagged and released in 2011 (back-transformed 95% confidence intervals, 2011 release: 10.7-16.6 h, 2012 release: 20.8-34.3 h). Nine walleye (seven female and two male) in the Maumee River were detected on the upstream receiver line after detection on the downstream receiver line and completed multiple downstream movements within a spawning season.
Discussion
Our results support the notion that procedures used for the implantation of intracoelomic tags (i.e. collection, electroanaesthesia and surgery) can impact fish behaviour in the short term. However, it is unclear whether the tagging effect reported here is large enough to be considered ecologically relevant. We observed longer egress times (10-20 h difference) during the spawning period by fish tagged in a given year than those fish tagged in a previous year. Differences in egress time did not appear to be related to fish length, suggesting that the observed variation is likely due to the tagging procedure. Similar post-tagging effects were observed between the sexes. The effects of tagging were apparently ameliorated over time as in 2013 we did not observe differences in egress time between fish tagged in 2011 and 2012. Although amelioration of tagging effects over time may explain the lack of a tagging effect during the 2013 spawning event in the Tittabawassee River, another plausible explanation is decreased statistical power resulting from smaller numbers of observed fish in 2013 which may have prevented the detection of a tagging effect of the same magnitude as that observed in 2012. The range of the 95% confidence intervals estimated for mean differences in egress between walleye tagged in 2011 and 2012 during the 2012 and 2013 spawning events was different, indicating a statistical power to reject the null hypothesis tested by the linear models (Colegrave & Ruxton 2003 ).
While we can only limit our conclusions to the two groups of fish used in the current study (without an ideal 'untagged' control group for the study), this study nonetheless is still among the few to examine the potential behavioural consequences of intracoelomic implantation and the presence of the transmitter on fish in the wild. Two exceptions were recent studies of adult lake sturgeon (Acipenser fulvescens) by Hondorp et al. (2015) and adult Atlantic sturgeon (Acipenser medirostris) by Balazik (2015) . Similar to our study, these investigations compared current year tagged sturgeon to sturgeon tagged in previous years. In both cases, no effects of the tagging procedures were detected.
Evidence regarding the potential consequences of fish tagging/surgery has largely been mixed among field and laboratory studies, with examples on wild fishes being comparatively scarce. For example, Cooke & Bunt (2001) compared the effects of internally coiled radiotransmitters and those where the antenna exited the body on swimming activity in smallmouth bass (Micropterus dolomieu) and found no observable differences between test groups. Jepsen & Aarestrup (1999) compared radio-tagged and dye-marked adult pike (Esox lucius) in a reservoir and did not find any significant differences in morphometrics (weight, length, condition) after one year. Similarly, Jepsen et al. (2008) compared the effects of surgical implants with and without external antennae in brown trout (Salmo trutta) in the wild and found minor differences between control and antennae treatments, with tagging adversely affecting growth. In the laboratory, Thoreau & Baras (1997) used motion-sensitive transmitters to track tilapia (Oreochromis aureus) recovering from anaesthesia and surgical procedures; they also found no difference in the normal diurnal activity rhythm between focal and control fish (although there was a reduction in overall activity for 12-24 h postsurgery). Importantly, the size of the tag being used is also likely a factor in determining the effects of tags on fish behaviour. Jadot et al. (2005) compared the effects of tags representing 2 and 6% of the mass of salema (Sarpa salpa) on activity and group dynamics, finding significant impacts of the large tags on behaviour.
Altered behaviour could lead to premature fallback in rivers and make it difficult to reach ideal feeding grounds and secure the resources needed for growth and gonadal development. Unfortunately, we did not recapture fish in sufficient numbers to assess growth or reproductive investment (e.g. GSI). While rarely considered in tagging effects studies , the possibility of potential impacts on reproductive traits such as gonadal development , egg retention (Berejkian et al. 2007) or the onset of secondary sexual characteristics (Close et al. 2003) has been described on a number of occasions. Even the slight difference between individuals sampled across years in our study suggests that a measurable impact occurred and as such, caution should be taken when tagging fish close to their respective spawning periods. Additional studies are needed to properly explore the potential implications of these practices during critical reproductive periods.
The effects we observed may have been the consequence of (i) the process of collecting the fish (i.e. via electrofishing), (ii) the surgical procedure (including electroanaesthesia and laparotomy), (iii) the presence of the tag or (iv) a combination of these factors. If the presence of the tag has been a major contributing factor, we would have expected to observe size-specific trends reflecting a greater tag burden in smaller individuals; however, this was not the case. Likely the tagging procedure itself (including handling and collection) caused the underlying observed differences. In addition, fish (of all sizes) likely require some time to compensate [in terms of buoyancy (Fried et al. 1976; Perry et al. 2001 ) and swimming ability (Thorstad et al. 2000; Brown et al. 2006) ] for the added burden of the transmitter. The effect of this burden should be reduced/absent after one year. Although we did not measure fish mass directly, using relevant length-weight relationships, the smallest fish we tagged (~450 mm) would have weighed~900 g, which would yield a tag burden of 1.3% (using mass of tag in water) with the largest individuals exceeding 4 kg yielding burdens of 0.3%. Hence, the ratios of tag to body mass in our study were relatively low (less than the so-called 2% rule; Winter 1983) , and some species of fish have recently been reported to have been implanted with tag burdens larger than 2% without ill effect (Brown et al. 1999; Jepsen et al. 2004) .
Our study provides a multiyear exploration of the potential impacts of internal electronic tags and associated collection and surgical procedures of fish egress time in a spawning area. While the importance of our findings for walleye spawning ecology and management is unknown, our results do suggest that the capture and tagging procedure and/or the presence of the tag slowed downstream movement immediately after implanting transmitters. Because travel time decreased between years, researchers should consider the potential value of censoring data or at least understanding its potential biases in the days following surgical implantation. Researchers should assume that the process of capturing and implanting intracoelomic transmitters likely alters fish behaviour to some extent, and when feasible, postrelease behaviour should be evaluated as a component of future telemetry studies.
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